Abstract. The purpose of this study is to investigate the use of a three-phase bone scan for early detection of HO formation and as a method of evaluating Didronel treatment.
Introduction
HETEROTOPIC ossification is a frequent complication of spinal injury and is occasion ally seen following brain injury. The reported incidence varies from 10 to 25 per cent (Hsu et al., 1975; Wharton, 1975) , with the hip joint being the most common joint affected. In spite of many investigations, the aetiology and pathogenesis of heterotopic ossification is still unknown. Extensive studies have been undertaken to determine if any of the known diagnostic criteria is of value in predicting the maturity of heterotopic ossification in order to decide whether surgical intervention might be utilised in the correction of the disabling articular joint freedom without a high incidence of recurrence. Rossier et al. (1973) in an extensive review of the problem attempted to answer the question of aetiology and maturity by evaluating the general methods of study and by adding angiography and a bone scan. In a study of 36 angiographies in 17 patients they found that serial angiograms demonstrated arteriovenous shunting, but that such serial studies were complicated by haem atom a formation and subse quent scar tissue formation. They concluded that the angiographic modifications (increased vascularity and early venous return) associated with HO were secondary to the HO and not a cause.
Bone scanning at that time was in its infancy and the only readily available bone scanning agents were 85Sr and 87mSr, both of which had limitations for producing good serial bone scans. Their studies, however, did indicate that serial bone scans appeared to be the most reliable parameter for deciding when HO is mature and an operation may be indicated.
The development and use of Technitium-99m tagged polyphosphates by Subramanian and McAfee (1971) as bone-seeking radionuclides marked a major rapid advance in the diagnostic value of bone scanning since its short half-life of 6 hours makes it possible to give it in sufficient quantity to perform a three-phase bone scan.
The purpose of our study was to investigate the use of a three-phase bone scan for early detection of HO formation and to utilise it as a method of evaluating Didronel treatment.
The Three-Phase Bone Scan
The technique of study is as follows: with the patient lying supine, the pelvis and hips are centred under a Picker 4/15 anger camera with ultra-fine low energy collimator and 20 per cent window. A toruniquet is placed on the arm, 20 milli curies of Technetium-99m Methylene Diphosphonate is injected into an ante cubital vein, and the tourniquet is then released. The imaging procedure com mences as soon as radioactivity is noted in the iliac arteries. The three phases are:
Phase I Dynamic blood flow study consisting of six photos cans at Io-second intervals over the hips. Phase II An immediate static scan to demonstrate the blood pool about the hips. Phase III A 2-hour bone scan to visualise the degree of accumulation of the bone-seeking radionuclide about the hips, hereafter referred to as a positive bone scan.
A moderate increased vascularity was noted on the dynamic flow study and blood pool (Phase I and II) about the hips on 26 October 1979 and shown in Fig. I . This increased vascularity can occur without any evidence of accumu lation of the bone-seeking radionuclide about the hips on the bone scan (Phase III) of 26 October 1979 (Fig. 2) .
A repeat three-phase bone scan on 15 November 1979, 3 weeks later, revealed a marked increased vascularity on the blood flow study and a markedly positive bone scan (Fig. 3) with a continuing normal X-ray of the pelvis.
Since increased vascularity preceded a positive bone scan from 2 to 4 weeks, this period of increased vascularity, detected in Phase I and II of the three-phase bone scan, was considered the precursor phase of HO.
A positive bone scan (Phase III) was found to precede ossification by 4 weeks or more in the untreated patient.
The following patient, a quadraplegic, developed swelling of the left hip and elevated alkaline phosphatase. A three-phase bone scan was performed on 15 January 1979 which revealed increased blood flow and a positive bone scan (Phase III) as shown in Fig. 4 . The X-ray of the pelvis was normal. The three-phase bone scan repeated at I month intervals showed an increase in the blood flow and bone scan activity with a continuing normal X-ray of the pelvis until the third study on 15 March 1979 when slight ossification was noted about the left lesser trochanter, 2 months after a positive bone scan.
Thus, we found that the three-phase bone scan detects early HO formation often 4 to 6 weeks before ossification is evidenced about the hips on the X-ray study in the untreated patient. Increased blood flow and a positive bone scan.
Didronel Treatment 2Il
Fifty-two patients with early spinal cord injuries were treated with Didronel between October 1978 and December 1979 and were studied to determine the value of the three-phase bone scan in the diagnosis of HO formation and Didronel in the treatment. A protocol was established which included at least an X-ray of the pelvis, hips and knees on admission and discharge, one three-phase bone scan and a serial alkaline phosphatase determination at approximately 2-week intervals. The study was initiated as soon as there was any clinical evidence to suggest HO formation as indicated by either leg swelling, loss of range of motion of a joint or progressive elevation of the level of alkaline phosphatase.
In the first 23 patients, a three-phase bone scan was not performed and Didronel therapy was deferred until there was evidence of ossification on the X-ray study. Serial X-ray studies were done to evaluate Didronel treatment.
Based on the finding in these 23 patients, the protocol was changed to include serial three-phase bone scans in the earlier diagnosis of HO and as an additional method of evaluating Didronel treatment. Twenty-nine patients are included in this study and Didronel treatment was given as soon as there was evidence of increased vascularity on the 2-hour bone scan (Phase III) in 17 patients, and when only increased vascularity was evident on the blood flow and blood pool (Phase I and II) in 12 patients.
Six patients seen at long-term follow-up during the past year with known HO of 4 to 7 years duration were evaluated by a three-phase bone scan to determine its value in predicting the maturing of HO.
Findings
Didronel appeared to have a variable effect depending on when the treatment was started. The findings in the first series of 23 patients in which Didronel was withheld until there was evidence of ossification on the X-ray study is shown in Table 1 . Seventeen of the patients were quadraplegics and six were paraplegics. Seven of these patients had HO on the admission X-ray study. In the other 16 patients, X-ray studies were obtained because of leg swelling and elevated alkaline phosphatase. A three-phase bone scan revealed increased vascularity and accumulation of radioactivity on the bone scan in all areas of ossification on the X-ray and in some areas that did not appear to be involved on the initial X-ray study. Only six of these patients had repeat three-phase bone scans. This study seemed to indicate that Didronel was inhibiting further ossification already present. All of these patients had mild to marked elevation of the alkaline phosphatase before ossification was evident on the X-ray. Didronel therapy was usually con tinued for only 3 months in these patients.
The findings in the 29 patients in which Didronel treatment was started in the precursor phase (Phase I and II) or bone scan (Phase III) are shown in Table II. A serial three-phase bone scan, X-ray study and an alkaline phosphatase determin ation were performed on these 29 patients at approximately 2-week intervals. Eighteen of the patients were quadraplegics and I I were paraplegics. Nine patients had no ossification on serial X-ray studies followed 2 to 3 months before discharge. Five of these patients had a normal alkaline phosphatase determination during the precursor phase of HO (Phase I and II), but developed mild to moderate elevation of alkaline phosphatase on serial studies. Thus, serial alkaline phosphatase determinations were elevated in all 29 patients. All will continue on Didronel for 3 to 6 months.
Didronel treatment was started as soon as the blood flow and bone scan showed increased radioactivity in 17 patients with a normal X-ray. Although all developed varying degrees of stippled or linear areas of ossification in 2 to 4 weeks in areas of increased activity on the bone scan, the ossification remained less organised and showed less evidence of progression on serial X-ray studies with this earlier treatment over a period of 2 to 3 months before discharge.
The results were sufficiently encouraging to warrant starting Didronel treat ment as soon as the blood flow and blood pool showed increased vascularity with both a normal bone scan and normal X-ray.
The three-phase bone scan was further utilised to determine its use in pre dicting the maturity of HO. Six patients seen at follow-up during the past year had known HO for 4 to 7 years' duration. A three-phase bone scan showed an absence of vascularity about the hips and the activity on the bone scan was equal to that of the adjacent normal bone of the iliac border of the pelvis in five patients indicating that their HO was mature. Three had no significant limitation of motion requiring surgery. One patient with bilateral frozen hips is awaiting surgery. The other patient with known HO for 5 years and a frozen left hip had a normal bone scan and his X-ray suggested that his HO bone was mature. The surgeon reported his HO bone was easily resected with only a 50 cc blood loss and no postoperative complications.
The three-phase bone scan in the sixth patient with known HO for 5 years and a frozen right hip revealed increased vascularity and marked activity on the bone scan indicating that his HO was still immature. Those interpreting the X-ray study reported the HO bone as appearing mature. He elected to have surgery and was placed on Didronel for 4 weeks prior to resection of a portion of the mass to restore hip mobility. There was rather marked bleeding (5000 cc blood loss) at surgery making resection difficult with many postoperative complications. A repeat three-phase bone scan I month later and just prior to discharge revealed increased vascularity and intense activity in the bone scan, characteristic of the precursor phase of HO at the operative site without recurrent ossification on the X-ray. Didronel treatment is being continued for an additional 3 months and, if further follow-up does not show recurrent ossification, it will further enhance the value of Didronel therapy.
Our study of these 6 patients with HO of 4 to 7 years' duration confirms the conclusion made by Rossier et al. (1973) that the bone scan is the most reliable parameter for determining when HO is mature and may be ready for operation. The absence of vascularity in the three-phase bone scan adds another dimension to this conclusion.
Discussion
Didronel appears to be delaying and even inhibiting calcium hydroxyapatite crystal formation and limiting the degree of ossification already present in this series of 52 patients. These findings are in accordance with the reported action of Didronel in inhibiting crystal resorption and crystal growth, as reported by others (Francis et at., 1969; Russell & Smith, 1973; Rosenthall & Kay, 1976) .
The suggested effect of Didronel on the 3 patients with only increased vascularity is unexplained and it is possible this vascularity would have reresolved without treatment. The HO protocol has now been modified further to include a three-phase bone scan and X-ray study at the time of admission on all patients admitted to Craig Hospital with or without clinical findings or elevation of the alkaline phosphatase. Patients with moderate to marked increased vascularity, believed to be a risk for extensive ossification, or with clinical findings and unex plained progressive elevation of alkaline phosphatase will be placed on Didronel therapy.
Our studies indicate that 3 months of Didronel treatment is inadequate and that it should be continued for 6 months or until serial bone scans performed at approximately 3-month intervals return to normal. This will be further evaluated in our future studies.
Another interesting observation has been made on 5 paralytic patients with unsuspected HO formation and a fever of unknown origin referred for Gallium-67 scans to confirm or exclude inflammation or abscess formation. Three millicuries of Gallium-67 was injected intravenously and total body scans made at 6 and 24 hours. There was marked accumulation of Gallium-67 about one or both hips with no other findings to account for the elevated temperature in these patients. There fore, it was concluded that this marked Gallium uptake must be due to HO formation. This was confirmed by a follow-up three-phase bone scan 5 days later. Ossification was noted either on the initial or serial X-ray study in all 5 patients. Since Gallium-67 is known to accumulate in areas of inflammation, the Gallium-67 uptake in these 5 patients appears to be due either to inflammatory changes in acute HO or related in some other way to the increased vascularity present in the precursor phase of HO formation.
SUMMARY
Heterotopic ossification is a frequent complication of spinal injury and is occasionally seen following brain injury. Fifty-two patients with early spinal cord injuries were treated with Didronel between October I978 and December I979 and were studied to determine the value of the three-phase bone scan in the diagnosis of HO formation and Didronel in their treatment.
